Abstract-Designing low power complex embedded systems is a main challenge for corporations in a large number of electronic domains. There are multiple motivations which lead designers to consider low power design such as increasing lifetime, improving battery longevity, limited battery capacity, and temperature constraints, etc. Unfortunately, there is a lack of efficient methodology and accurate tool to obtain power/energy estimation of a complete system at different abstraction levels.
I. INTRODUCTION
The increasing complexity of applications and System-on-Chip (SoC) architectures places embedded system designers in front of a very large design space. Exploring the design space to reach an efficient solution becomes very difficult, especially when the design must satisfy a large number of constraints, such as power and energy consumption. These constraints have led to introduce the usage of Multi-Processor System-on-Chip (MPSoC) which allow to integrate very complex systems. These MPSoCs are generally heterogeneous and can contain memories, processors, interconnecting elements, I/O peripherals, and reconfigurable logic. To use the tremendous hardware resources available in next generation MPSoC, efficiently, rapid and accurate design space exploration (DSE) methods are needed to evaluate the different design alternatives. MPSoCs must be designed with custom architectures to balance the implementation constraints between the application needs (i.e.: high computation rates and low power consumption) and the production cost. While several research activities already address this problem, [3] , [5] , [4] , the significant increase of complexity in such systems prevents designers from controlling the complete design flow, and no other global methodology is available for complex MPSoCs. To guide the designer during the different design choices, the development of an efficient methodology and associated tools for power estimation and optimization is mandatory. The Open People project addresses this topic and proposes a global framework for power/energy estimation and optimization of heterogeneous MPSoCs. Though its web interface, the Open People platform proposes several tools to ensures: i) power measurements on real electronics boards, ii) power estimations based on software and hardware component models, iii) low power design exploration, iv) low power optimization. The platform includes diverse estimation tools with respect to their abstraction levels in order to cover the overall design flow.
II. OPEN PEOPLE PLATFORM
The open-PEOPLE platform provides an Internet access to several real electronic systems, such as FPGAs or processors, and makes it possible to perform actual measurements of power and energy consumption of a specific application on a specific architecture (see Figure 1 ). From these measurements, the designer can estimate the power and energy consumption of its in-development system by using a software platform, which contains several estimation and optimization tools. Starting from functional estimation and down to real boards measurements, our platform helps designers to develop new power models, to explore new architectures, and to apply optimization techniques in order to reduce energy and power consumption of the system. The usefulness and the effectiveness of the proposed power estimation framework is demonstrated through a typical embedded system conceived around the Xilinx Virtex II Pro FPGA platform. The platform is defined for estimation and optimization of the power and energy consumption of complex electronic systems. Among the target systems, we mention heterogeneous MPSoC such as the TI OMAP 3530 and reconfigurable circuits like the Xilinx Virtex5 FPGA. Our platform allows power estimation using: the system (C, VHDL, etc.) is carried out natively on the target board. Furthermore, this alternative is used to build new power models for hardware or software component. Several boards have been integrated in our automated bench and equipped with special gear to allow for power consumption measurement. Among those boards, one may find some processor based boards (OMAP 3530, OMAP L138) or some FPGA based boards (Spartan 6, Cyclone 3,LS, Aria 2 GX, Virtex 5, Virtex 2).
• a set of Electronic System Level (ESL) tools coupled with accurate power models elaborated within the first alternative. Mainly, we offer tools at the functional and transactional levels in the context of multilevel exploration of new complex architectures. The Figure 1 presents a global view of the platform which is based on two main parts; the software part and the hardware part. The software user interface ensures the access to the power measurements and helps the designer to define energy models for the hardware and software system components. From the measurements, the designer can build models and compute an estimation of the energy and/or power consumption of its system. In addition, from this software user interface, the hardware platform can be controled. The hardware part consists of the embedded system boards, the measurement equipments, and a computer that controls these different elements and schedules the list of measurements required by different users.
The global structure of this hardware platform is presented in the Figure 2 . This figure shows the different elements of this hardware platform. These elements enable to select the board for the measurements, and the measurement equipments. In the frame of the Open People project, new methods and tools to model the different components of an heterogeneous system architecture are proposed including processors, hardware accelerators, memories, reconfigurable circuits, operating system services, IP blocks, etc. For reconfigurable system, the dynamic reconfiguration paradigm will be modeled to estimate how this feature can be used by Operating System (OS) to reduce the energy consumption. Furthermore, this project studies how the complete estimation and validation can be performed for very complex systems with a small simulation time.
The global methodology of this platform is based on the AADL language (Architecture Analysis & Design Language [1]), and enables to decomposed the design in several parts, which are the software part, the hardware part and the deployment of the application on the hardware. This global flow is illustrated on the figure 3. This flow includes the model of the application, as a set of tasks. Theses tasks must be defined by a set of parameters, including real time constraint. The flow also includes power model of each hardware element of the platform. Finally, to offer execution flexibility, the tasks can be described by several different implementations, defined by different characteristics. From the definitions of i) all the hardware blocks available in the architecture, ii) all the tasks if the application, iii) different implementations of some tasks (or all tasks) to offer flexibility, the methodology consists on evaluate the power consumption of the designer choices. From one specific task graph, it is then possible to explore the cost of solution where all the tasks are implemented as software tasks running on processor, or as hardware tasks running as specific accelerators. Between these two extreme solutions, the designer can evaluate all the other solutions, and choose the one which is the best due the constraints of the design [2] .
III. CONCLUSION
The open-PEOPLE platform is dedicated for designers, when they start the design of a complex system for which the power is a hard constraint. In this case, our platform will help them to explore the different design choices in order to obtain a good trade-off between area, power and performances. The Open-People platform helps the designers to optimise their design faster than with a more traditional approach In the demonstration presented during the evening event of Dasip, we will show different features of the platform: i) the connection to the hardware platform from the software platform will be demonstrated to illustrate how to execute testbenchs and extract power measurement results, ii) the definition of AADL models, for architectures and applications, will be presented, iii) the definition of power and energy consumption models based on real measurements will be explained, iv) finally, we will show how to extract the global power and/or energy consumption from estimation tools included in the platform.
